Cattle producers and beef packers need to understandbasis determinantsas they develop price expectations and make pricing, hedging, and forward contracting decisions. This study empirically estimated factors explaining variability in monthly fed cattle basis. The five main results regarding live cattle basis are 1) corn price is an important determinant, 2) a change in the value of the Choice-to-Select spread positively affects basis, 3) changes in the levels of captive supplies have no significant statisticalor economic impact on basis, 4) the June 1995 live cattle futures contract did not impact basis, and 5) both market fundamentalsand seasonal components are importantbasis determinants.
Fed cattle basis, the difference between local fed cattle cash and nearby live cattle futures prices, is an important concern of fed cattle market participants. Cattle producers and beef packers use expected basis when formulating price forecasts (Kastens, Jones, and Schroeder) . In addition, fed cattle buyers and sellers rely on basis expectations when making forward pricing decisions. Therefore, a thorough understanding of factors affecting fed cattle basis over time is important for beef producers, packers, processors, and market analysts. Considerable variability exists in live cattle basis over time (Figure 1 ). Monthly average live cattle basis in Western Kansas varied from -$4/cwt to +$4/cwt from 1990 to 1997. The purpose of this study is to quantify factors explaining variability in monthly fed cattle basis Joe Parcellis an assistant professor,Department of Agricultural Economics, University of Missouri. Ted Schroeder is a professor and Kevin Dhuyvetter is an associate professor, Department of Agricultural Economics, Kansas State University. Comments and suggestions by Terry Kastens and Jim Mintert are gratefully acknowledged. We acknowledge Box Dix, ContiGroup. for providing cash price data used in this analysis.
so that producers, processors, and analysts can better understand the factors impacting basis.
Despite wide recognition that understanding basis determinants is essential for making marketing and pricing decisions, little recent published research has specifically examined factors affecting live cattle basis. Numerous structural changes have occurred in the fed cattle market since the most recent comprehensive study by Leuthold (1979) , In particular, beef packing concentration increased from the top four firms representing 36 percent of the market in 1980 to 80 percent in 1997 (GIPSA, 1998) . In addition, fed cattle marketed by feedlots with a one-time capacity over 8000 head represented 74 percent of total marketing in 1980 and increased to 81 percent of marketing by 1997 (LMIC, 1998) . Significant changes have occurred since 1980 in the ways fed cattle are marketed. In 1980, 77 percent of cattle were purchased in nonpublic markets and this has increased to 85 percent in 1996 (GIPSA, 1998) . Also, fed cattle forward contracting, marketing agreements, and other forms of captive supplies that were not even measured in 1980 have come to represent 25 percent or more of fed steer and heifer trade 1990 1991 1992 1993 1994 1995 1996 1997 Figure 1. Monthly Kansas live cattle nearby contract basis (1990 ( -September 1997 in recent years (GIPSA, 1998 (Nerlove) . The average weight of the cattle marketed (WGHTL,) is included as a measure of the total quantity of beef sold. As the average weight of cattle marketed increases, it is expected that the cash price will decline (Trapp e~al.) . Thus, it is expected that basis will be negatively correlated with market cattle weight.
The quantity of cattle marketed through forward contract agreements as a percentage of total head marketed (CHEAD,f) is included because captive supplies are perceived to affect the cash live cattle market (Schroeder et al. 1997) . Procurement of cattle well in advance of slaughter has provided packers with the opportunity to control supplies (Purcell 1990a) . Beef packers undertake forward cash purchasing (contracted or formula priced) to ensure plants operate at capacity, thus reducing cost risk of operating below capacity (Purcell 1990b and Ward 1990) . Cattle feeders have indicated that forward cash selling enables them to reduce financial risk and secure a known buyer (Ward and Bliss). Thus, there are incentives for both cattle feeders and beef packers to enter into these agreements. However, many cattle feeders contend that in the presence of captive supplies the packer has more information regarding current and expected supply and demand than cattle feeders because contracting activity involves private treaties that are not public information. They argue that this provides beef packers with leverage that places downward pressure on prices (Schroeder et al. 1997 therefore, an increase in the number of captive supply deliveries to total deliveries within a region would be expected to decrease basis. Walburger and Foster suggested that captive supplies may be endogenous because when cash prices are high packers may call in forward contracted cattle to drive down the cash price. The window for delivery of forward contracted cattle is typically one month. Thus endogeneit y would be more of a concern when analyzing daily or weekly price changes and less of a concern when analyzing monthly price changes.
This study uses monthly data and captive supplies are typically predetermined over a monthly horizon. Therefore captive supplies were assumed exogenous in the basis model described in equation 1.
The nearby corn futures price (CORNF,) serves as a proxy for feed costs. An increase in nearby corn futures price is expected to increase the current supply of cattle as producers find it more profitable to liquidate cattle inventories in the short-run, i.e., the marginal cost of gain is greater than the value of the extra pound of beef. Thus an increase in the price of com is expected to decrease the local cash price. As the price of com increases and current fed cattle inventories decline, fewer cattle are available for future delivery, causing the futures price to increase. In the short run the combined effects are expected to weaken basis.
The Choice-to-Select price spread for 700- 2This was put in a ratio to reduce multicollinearity between cattle on feed in location i and the seven-state cattle on feed. There is a tendency for cattle-on-feed numbers between locations to vary similarly.
For the cash market, if the cost of procurement of cattle (including transportation and shrink) outside of the local market is below the local cost of procurement, processors will procure cattle outside the local region and drive down local prices. age stocks to be positively associated with live hog basis.4
A separate binary variable was included to account for the change in live cattle futures contract specifications beginning with the June 1995 contract (CONCH,). The new contract specifications reduced the required percentage of Choice grade cattle deliveries from 100 percent to 55 percent and established substantial discounts for delivered cattle of poorer quality or yield grade. This change in contract quality specification should lower futures price, thus strengthening basis. However, the transfer of quality risk from the buyer to the seller with the new contract should increase futures price, thus weakening basis. Therefore, no a priori exists for changes in the contract specification. Seasonality (it40NTHtm) is expected to have varied effects on basis depending on production decisions and consumer choices.
Data
Monthly data for January 1990 to July 1997 were used for estimation of equation (1). 
Results
Empirical results for each of the three basis models estimated are presented in Table 2 . Parameter estimates refer to the change in basis in $Icwt from a one-unit change in the explanatory variable, cdteris paribus.
Positive coefficients represent a strengtheninghrrowing basis and negative coefficients indicate a weakening/widening basis. The state names Colorado, Kansas, and Texas refer to the respective locations' basis models. The explanatory variables explained 85 percent of the variation in live cattle basis for each state. Naik and Leuthold and Liu et al. have suggested that basis might be impacted from changes in hog price, poultry price, and percapita income. Therefore, in the present study models were re-estimated using per-capita consumption of pork and broiler and per-capita disposable income; however, none of these variables was statistically significant in any of the basis models and a computed Fstatistic rejected the null-hypothesis that the variables were jointly different from zero for any of the basis models. Thus models were estimated as specified in equation 1. Also, a pooled model of the three states was estimated. An F-statistic was used to test the nullhypothesis that parameter estimates between the pooled and different state models were similar. The null hypothesis was rejected at the 0.05 level, so models were estimated separately.
Because the market for live cattle typically encompasses areas beyond individual state boundaries, it is expected that the errors from estimating equation (1) for Colorado, Kansas, and Texas would be contemporaneously correlated. Under the null hypothesis of a diagonal covariance matrix, the Breusch-Pagan Lagrange Multiplier test statistic was 177.40. This test statistic is distributed Chi-square with three degrees of freedom and a critical value of 11.34 at the 99 percent level. Therefore, the null-hypothesis of a diagonal covariance matrix was rejected. To accommodate this covariance specification, Zellner's seemingly unrelated regressions (SUR) was used in the estimation of the basis equations.
Each basis series was tested for the presence of a unit root using the Dickey-Fuller unit root test statistic without a trend. The lag length was chosen by minimizing the Akaike Information Criteria. The 10 percent critical value of the Dickey-Fuller test statistic is -2.57. The Dickey-Fuller test statistics for Colorado, Kansas, and Texas were -4.3 1, -4.36, and -4.25, respectively. For each basis series, the null-hypothesis of a unit root was rejected. Factors affecting basis in one month may affect basis in the following month, suggesting the error structure from estimating the basis model may be autocorrelated over time.5 Because a lagged dependent variable was specified, the Ljung-Box test for autocorrelated errors was used. The Ljung-Box test is a relatively powerful test compared to the Durbin-h test (Greene) . The Ljung-Box test statistic is distributed Chi-square with 1 degree of freedom and a critical value of 5.02 at the 95-percent level. Under the null hypothesis of no first-order autocorrelation, the null hypothesis was rejected for each of the basis models. Therefore, autocorrelation was corrected for by allowing the value of rho to vary across 5Another reason for autocorrelation may be model mis-specification. Autocorrelation may arise due to variables included in the time-series model being correlated across observations or from variables not included in the model being correlated across observations (Greene). basis equation. Using the basis model equation specified in equation (1), basis equations were estimated as a system in SHAZAM 8.0 using the Nonlinear Regression command and allowing the value of rho to vary across equations.
Often basis analysts evaluate basis purely on seasonal fluctuations. Therefore, the relevance of market information in the basis model (equation 1) is assessed by testing whether market fundamentals are statistically important basis determinants. Failure to find significance would suggest basis variability over time is primarily seasonal and one does not gain by also considering market fundamentals. Wald nested test statistics were computed to determine the importance of market fundamentals and the lagged dependent variable in affecting basis ( Table 2 ). The null hypothesis of all variables jointly zero was rejected at the 0.05 level for each of the models. The computed Wald test statistics indicated that market fundamental variables add information beyond that contained in seasonal dummies alone. Additionally, market fundamentals other than the lagged dependent variable significantly contribute information to the basis models.
The lagged dependent variable was statistically significant (0.05 level) for only Colorado. However, the lagged dependent variable is marginally significant for Kansas (0.06 level one-tailed test) and Texas (O.10 level onetailed test). The lagged dependent variable coefficients were positive and in the unit interval as necessary for model stationarity for all states. The estimated coefficients were $0.45/ cwt, $0.39/cwt, and $0.36/cwt for Colorado, Kansas, and Texas, respectively. Thus, for Colorado, $0.45/cwt of a $1/cwt increase in live cattle basis this month would persist into next month. This suggests that long-run adjustments to a shock to the independent variables are nearly twice the magnitude of the reported parameter estimates for Colorado. Similarly, for Kansas and Texas the long-run adjustments are nearly 1.5 the magnitude of the reported parameter estimates. Average marketing weight was not statistically significant for any of the basis models at the specified levels of significance. However, these coefficients can be shown to have a substantive economic effect on basis. Marketing weight per head ranged nearly 150 lbs over the period of the current study (Table 1) . A 50-pound increase in the average marketing weight decreases basis by around $0. 10lcwt, which is between two-and five-times the average basis level observed. Thus, a change in marketing weight has a substantive economic effect that is not statistically significant at the conventional significance level.
An increase in captive supply deliveries relative to total head marketed was not statistically significant for any of the basis models. Though previous studies found small negative statistically significant impacts on cash price from an increase in captive supply marketing, e.g., Elam and Schroeder et al. (1993) , no significant impact on live cattle basis is apparent.
A $ l/bushel increase in corn futures led to a $0.75/cwt, $0.82/cwt, and $0.90/cwt decline in live cattle basis for Colorado, Kansas, and Texas, respectively. This result is considerably less than Leuthold's estimate ($ 1.33/cwt). The large difference in parameter estimates for the com variable across the studies may be due to the increased rate of gain in cattle because of improved feed rations and changing genetics.
A $1/cwt increase in the Choice-to-Select price spread for 700-to 850-pound boxed beef cutout equivalent strengthened basis by approximately $0.12/cwt in each of the states.
Therefore, greater demand for higher quality cuts is reflected through thecash price offered in these states, strengthening basis. ance that becomes aesthetically displeasing to consumers. Therefore, it is not surprising that cold storage stocks did not have a significant impact on basis.
As expected, live cattle basis exhibits seasonality. Seasonality in basis follows similar patterns for each of the basis models estimated. The seasonal basis pattern correspond to the seasonal pattern in cattle production.
Conclusions
Cattle producers and beef packers need to better understand factors affecting basis variability for determining expected prices and to make pricing, hedging, and forward contracting decisions that involve basis expectations. Inability to accurately account for these factors makes formulating basis expectations more difficult. This study estimated an empirical model to explain the variability in monthly fed cattle basis in Colorado, Kansas, and Texas.
Live cattle basis is affected by factors that shift local spot market and expected futures market supply and demand. Several conclusions can be drawn from this analysis. First, monthly live cattle basis for Colorado, Kansas, and Texas is positively correlated with the Choice-Select spread. Second, previous studies found corn price a significant factor affecting live cattle basis. Corn price remains an important basis determinant although its magnitude has diminished to about three-fourths of what it was twenty years ago. Nonetheless, a $1.00/bushel corn price increase weakens basis by $0.75/cwt to $0.90/cwt. Third, changes in the levels of captive supplies have no significant statistical or economic impact on live cattle basis in Colorado, Kansas, or Texas. Fourth, the June 1995 live cattle futures contract specification change did not have a statistically significant impact on live cattle basis in Colorado, Kansas, or Texas. Finally, both market fundamentals and seasonal components are worth considering when evaluating live cattle basis.
This study could be used by cattle feeders, packers, and market analysts to better formulate basis expectations and better understand how fed cattle basis changes throughout the year and as the level of exogenous market fundamentals change. Evolving agricultural poli-cy and low profitability in the cattle industry has made and will continue to make risk management an important component of management decisions. Understanding basis determinants is important in managing price risk.
